INTRODUCTION
The chemically synthesized surface-active compounds known as surfactants are widely used for a vast number of applications at the industrial scale. In the past decade, there has been an increase in the demand of surface-active compounds of microbial origin. These are produced by a variety of microorganisms such as bacteria, fungi, and yeast 1 . In considering the natural role and potential applications of biosurfactants, it is important to emphasize that a wide variety of diverse microorganisms produces these molecules, and that biosurfactants have very different chemical structures and surface properties. Since biosurfactants are amphipathic in nature, they are capable of lowering surface tension i.e., interfacial tension and can form microemulsions, which enables the mixing of two immiscible solutions. Such properties confer excellent detergency, emulsifying, and foaming traits, thus making these molecules a commercially important product at the industrial scale 2 . Moreover, these amphiphilic entities possess a characteristic molecular self-aggregation behavior at the nanoscale range, which also enables their application at the industrial scale 3 . In solution, amphiphiles have a self-as-surfactants are their high biodegradability, great stability in response to temperature and pH, high ecological acceptance, low toxicity 11 , and widespread activity compared to their chemical counterparts 12 . However, currently, only a few biosurfactants, e.g., rhamnolipids, sophorolipids, and surfactins, are available commercially, because they are expensive, have a low production yield, and high purification costs are involved in the microbial production process. Thus, to overcome these economic obstacles, more efforts are needed for discovering new biosurfactant-producing microorganisms 13 and low-cost or cost-free substrates that can be utilized to give high yields with econ o m i c v i a b i l i t y 1 4 a n d p r o d u c e a v a r i e t y o f n e w biosurfactants. In this study, palm kernel cake PKC , a novel substrate, was investigated as a potential carbon source for biosurfactant production. PKC is a solid residue left behind after oil is extracted from the kernels of palm fruits and has high carbon and protein content 15 . One of the reasons for considering PKC as the main substrate for biosurfactant production is its high mineral, protein, and fatty acid content. Alimon 16 0.1 . Thus, the increased organic wastes resulting from palm oil mill discharges, such as PKC, pose a threat to the environment because these organic wastes may act as breeding ground for various pathogenic microorganisms, which in turn may cause various epidemic diseases. To alleviate this problem, a pragmatic approach must be followed such as bioconversion of wastes to value-added products. Utilization of PKC for the production of biosurfactants will serve as an effective method of disposal of this waste as well as production of high-value end products.
MATERIALS AND EXPERIMENTAL DESIGN

Sample collection
For the isolation of biosurfactant-producing bacteria, the sample was collected from Sime Darby Plantation, Petaling Jaya, Selangor, Malaysia. The sample was taken in a sterile polythene bag and was stored at room temperature.
Isolation of bacterial strains
In natural environments, microbes occur in a mixed population composed of different strains and species. For analyzing the properties of a defined organism out of such a mixed population, pure culture is required. The direct isolation of strains was performed by diluting and plating the sample on nutrient agar medium 17 . After 36 h of incubation, the culture plates were filled with colonies of several different microorganisms. Single colonies were isolated by transferring a loopful of colonies with the same morphological characteristics onto separate nutrient agar plates. This was followed by sub-culturing these isolated colonies to obtain pure single isolates for each colony. Hence, the microbes of interest were selected and enriched for screening experiments.
2.3 Screening for potential biosurfactant-producing strains 2.3.1 Inoculum preparation Out of several isolated strains, 10 were selected for further study. Others were discarded because they did not show good growth. A loopful of bacteria from each colony was transferred from the plates to the respective 50-mL flasks containing nutrient broth. The cultures were allowed to grow in a rotary incubator shaker set at 37 and a rotation speed of 180 rpm. The inoculums in each flask were grown until the optical density reached 1.85-1.90 absorbance units at 600 nm. These inoculums were used as inoculates for the fermentation process.
Preparation of the production media
The production medium was prepared as previously described 18, 19 . 
Analytical methods
The broth was centrifuged at RCF 9,820 g for 15 min. The supernatant was taken from all the flasks separately, followed by removal of extra oil using hexane 19 . The isolated colonies were tested for their biosurfactant production by using two methods as described below.
Surface tension activity
The Du-Nouy-Ring assay is widely applied to screen biosurfactant-producing microbes 20 . The Du-Nouy-Ring method is based on measuring the force required to detach a ring or loop of wire from an interface or surface of the liquid 21 . The detachment force is proportional to the interfacial tension. In this study, the surface tension of cell-free supernatants collected after centrifugation and excess oil removal was measured using a Sigma 702 tensiometer. This digital surface tensiometer works in accordance with the principle of the Du Nuoy ring method. The cell-free broth 10 mL was poured into the tensiometer beaker and placed onto the platform. The tensiometer was calibrated before taking the surface tension readings. The probe used for the measurement of the surface tension is a platinum ring that is hung from the top of the tensiometer device. The platform holding the beaker containing the broth was moved upwards. Then, the platinum ring, after entering all the data into the system, was allowed to submerge into the broth. The platinum ring slowly detaches itself from the liquid-air interface to enable measurement of the surface tension mN/m . All the experiments were performed in triplicates to obtain accurate results. The advantages of this method are its accuracy and ease of use.
Drop collapse method
The drop collapse assay, which was originally developed by Jain et al. 22 , is quite simple, requires no specialized equipment, and employs a small volume of sample. This assay relies on the destabilization of liquid caused by the presence of surfactants. The culture supernatants 100 μL were placed on the hydrophobic surface of parafilm M 17 .
The droplets were beaded or spread out based on the amount of surfactant present in the culture. If the liquid does not contain surfactants, the polar water molecules are repelled from the hydrophobic surface and the drops remain beaded. If the liquid contains surfactants, the drops usually spread or may even collapse because the interfacial tension between the liquid drop and the hydrophobic surface is being reduced.
Crude biosurfactant extraction
The main aim of the extraction was to obtain crude biosurfactants free of other culture media components. The extraction of biosurfactants was performed using a technique that is a combination of acid precipitation and solvent extraction. The cell-free broth obtained after centrifugation was subjected to acidification using concentrated HCl until reaching pH 2.0, and was left overnight at 4 for precipitation. The biosurfactant was extracted by treating the sample with chloroform:methanol 2:1 v/v using a separatory funnel 23 . Since the surfactants are amphiphilic in nature, they deposit between the aqueous and solvent phase. The organic phase was thus shifted into the round bottom flask of the rotary evaporator, which was weighed before transferring the organic phase containing the product. After evaporation of the solvent, the round-bottomed flask along with the residue was weighed to calculate the yield of biosurfactant produced. 
Biuret test
The Biuret test was used to detect the presence of lipopeptide biosurfactants 25 . Two milliliters of crude extract solution was first heated at 70 before mixing with 1 M NaOH solution. Then, drops of 1 CuSO 4 were slowly added to observe any color change violet or pink ring .
Phosphate test
To detect the presence of phospholipid biosurfactants, the phosphate test was conducted. Ten drops of 6 M HNO 3 were added to 2 mL of crude extract solution followed by heating at 70 . Then, drops of 5 ammonium molybdate were slowly added to check the formation of yellow color due to formation of a fine yellow precipitate 26 .
Partial characterization of crude biosurfactants 2.4.5.1 Carbohydrate and protein estimation
The chemical composition of the produced biosurfactants was analyzed using standard methods. Carbohydrate estimation of biosurfactants was performed using the phenol-sulfuric acid method 27 .
2.4.5.2 Gas chromatography-mass spectrometry GC-MS analysis The fatty acids profile of the extracted biosurfactants was determined by GC-MS. The methyl ester derivatives of the fatty acids were prepared by mixing 10 mg of biosurfactants with 1 mL of 5 HCl-methanol reagent. After quenching the reaction with 1 mL of water, the methyl ester derivatives were extracted with n-hexane and then analyzed by GC-MS by using a GC 7890 A gas chromatographer coupled with a mass detector and auto-sampler Agilent Technologies . The injection solutions were prepared with high-performance liquid chromatography-grade reagents. 2.4.5.3 Fourier transform infrared FTIR characterization of the biosurfactants FTIR spectroscopy was used to preliminarily determine the chemical structures of the components in the crude biosurfactant sample. One milligram of lyophilized biosurfactant was ground with 100 mg of KBr and pressed with 7500 kg for 30 s to obtain translucent pellets. The KBr pellet was used as the background reference. The IR spectra were recorded on a Perkin Elmer FTIR instrument 28, 29 .
3 RESULTS AND DISCUSSION 3.1 Potential strain selection and identi cation Nutrient agar, which is well known for culturing bacterial colonies 30 , is mainly composed of beef extract, peptone, and agar dissolved in water. However, in this study, commercially available bacteriological nutrient agar was used
for isolating the bacterial strains. Several strains were isolated from mixed cultures on nutrient agar, which were screened by measuring their surface tension activity and by conducting a drop-collapse assay and were used as inoculates for the fermentation process 31 .
In this study, the ability of the microorganism to grow in the production medium was also studied because most of the biosurfactants are secondary metabolites and are growth-associated 18, 32 . The screening results, based on surface tension, the drop-collapse assay, and microbial growth of microorganisms, are given in Table 1 . The results shown in Table 2 depict the effect of variations in surface tension activity caused by changes in the concentration of the main substrate, i.e., PKC, a waste material. Based on the results given in Table 1 , almost all of the selected strains could metabolize PKC and showed good growth. This may be attributed to the high protein content and nutritive composition of PKC. Miller and Zhang 33 suggested that the solutions possessing surfactants can be compared based on their surface tension. The initial surface tension of the production medium, prior to fermentation, was 64.3 mN/m. The decreases in surface tension of 
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the medium after microbial treatment or fermentation are enlisted in Table 1 . The strain SM03 showed lowest surface tension 33.69 mN/m as compared to the other isolated strains, which suggested that it could be the potential biosufactant producer. All the results were further confirmed based on the drop-collapse assay results, which further confirmed the activity of SM03 by showing spread out > 0.9. Since utilization of PKC was the main goal of this study, various concentrations 2 , 4 , and 6
of substrate were tested Table 2 . The variation in concentration of PKC did not affect the reduction of the surface tension of the medium. However, the biomass values varied enormously and all the isolated strains showed an increasing trend with increment of PKC concentration. Furthermore, drop collapse assay for SM03 strain was the best at all concentrations. PKC is a solid residue and this contributed to the observed increases in biomass at higher concentrations. Hence, for further studies related to the reduction of the surface tension, PKC concentration can be maintained at 2 of the working volume. However, for studies involving the biomass itself, higher concentrations of PKC can be used.
The medium used for the fermentation during the screening process was initially formulated based on the available literature. However, to monitor the effect of the nutrients present in the medium on the productivity, several screening tests were performed data not shown . During the screening tests, the percent contribution of major nutrients towards the biosurfactant production was calculated. Figure 1 shows the percentage contribution of each nutrient composition. Meat extract had the major contribution toward biosurfactant production and its removal from the medium had a substantially negative effect, thus reducing the production to a slightly noticeable extent. Similarly, K 2 HPO 4 played a significant role and was the major potassium and phosphorus source. NH 4 NO 3 and NaNO 3 were used as inorganic nitrogen sources. MgSO 4 was the main source for providing magnesium ions, which are necessary for bacterial growth and product formation. The developed media improved the performance of SM03 strain and the produced biosurfactant showed relatively lower surface tension.
Therefore, SM03 was selected as a potential biosurfactant-producing strain for further study. The preliminary identification of the strain was performed by using the Gram s staining test, which is generally used to differentiate between gram-positive and gram-negative bacteria. The Gram stain is almost always the first step in the identification of a bacterial strain. The results of this test showed that the strain SM03 was gram-negative Fig. 2 . Similarly, the other strains isolated were also revealed to be gramnegative.
The bacterial strain SM03 was identified as Providencia alcalifaciens. The testing method used was the Gen III MicroPlate Biolog Microbial Identification System, which analyzes microorganisms in 94 phenotypic tests, 74 of which are carbon source utilization assays and 23 of which are chemical sensitivity assays. Then, the Biolog s Microbial Identification Systems software identifies both gram-negative and gram-positive bacteria based on their phenotypic pattern in the Gen III MicroPlate. In order to conduct this test, 96-microwell plates are prefilled with necessary nutrients and biochemicals required for the assay. The phenotypic fingerprint of the microorganism can be used to identify it at the species level. This testing method is very simple. In this study, the strain to be identified was grown on agar medium, followed by suspension in a gelling in- 
Fig. 2 Gram negative strain (SM03).
oculating fluid at a specific cell density. The cell suspension was then inoculated into the Gen III MicroPlate. An aliquot 100 μL of sample was added to each well, followed by incubation to allow the formation of the phenotypic fingerprint. At the beginning of the inoculation process, all the wells were colorless, whereas after incubation the purple phenotypic fingerprint of the wells was compared to the extensive species library of Biolog. A species-level identification of the isolate was made based on the match found. The purple color was formed due to the reduction of the tetrazolium redox dye. Figure 3 shows the results of the Gen III MicroPlate identification test and the match with the gram-negative strain P. alcalifaciens. This novel strain, which belongs to the family Enterobacteriaceae and is rodshaped, has never been used before for biosurfactant production. Gram staining of the bacterium Fig. 1 was in accordance with the identification results. Figure 4 shows the morphology of a pure colony of P. alcalifaciens SM03.
3.2 Acid precipitation solvent extraction of the produced biosurfactant The extraction of biosurfactants was performed after optimizing the medium parameters. The acid precipitation solvent extraction method was used to obtain the crude biosurfactant from the supernatant collected after fermentation and centrifugation. Nawawi et al. 17 reported on the use of acid precipitation solvent extraction as an efficient method for extracting crude biosurfactants and thus in determining their yield. In addition, Banat 34 used chloroform:
methanol extraction and reported a yield of 6 g/L of crude biosurfactant. In this study, the surface tension of the supernatant collected was found to be 33.85 mN/m. This supernatant was further subjected to acid precipitation and followed by extraction to recover biosurfactant yield of 8.3 g/L w/v .
Preliminary biosurfactant identi cation
In this study, three biochemical tests were carried out to determine the biosurfactant produced by P. alcalifaciens SM03. Cetyltrimethylammonium/methylene blue agar is a semi-quantitative assay specific for anionic surfactants and can be applied to glycolipid-producing microorganisms 24 .
If glycolipid biosurfactants are secreted by the microbes growing on the plate, dark blue halos are observed. In this study, a positive result i.e., blue halos were observed was obtained when the strain was cultivated on a light-blue mineral salts plate containing the cationic surfactant cetyltrimethylammonium bromide and the basic dye methylene blue Fig. 5 . Further confirmation was obtained by conducting the Biuret and phosphate tests. Biuret reagent was used to detect the presence of lipopeptide biosurfactants in the sample. A negative result was observed no color change to violet when crude biosurfactant extract was dissolved in Biuret reagent. Furthermore, the phosphate test, which is used to determine the presence of phospholipid biosurfactants, was negative as well. Therefore, the preliminary identification results revealed that the biosurfactant produced by P. alcalifaciens SM03 was glycolipid-type.
3.4 Biochemical and analytical characterization of the biosurfactant Biochemical tests were also carried out to determine the type of biosurfactant produced by P. alcalifaciens SM03. The preliminary identification results of the partially purified biosurfactant showed a carbohydrate content of 37.5 and the total fatty acid content was estimated to be 61.7 of the biosurfactant, which indicated that the biosurfactant produced by P. alcalifaciens SM03 was glycolipid-type. The fatty acids were analyzed by GC-MS as acetylated fatty acid methyl ester derivatives. Most glycolipid biosurfactants differ greatly in their lipid portion; therefore, their analysis provides structural information of the fatty acids present in the partially purified biosurfactant. The determination of fatty acids is useful to confirm the presence of glycolipids. The process involves hydrolytic cleavage of the link between the carbohydrate and lipid portions and subsequent derivatization of the resulting fatty acid chains to fatty acid methyl esters. Figure 6 shows the fatty acid moieties, which were observed after elution of the fatty acids by GC-MS. The results show the occurrence of C18:1, C18:0, C16:0, and C12:0 fatty acids. This analysis possibly predicts the production of a long-chain glycolipid biosurfactant.
FTIR-characterization of the produced biosurfactant
FTIR spectroscopy was used to elucidate the chemical structures of the chemical components in the unknown biosurfactant mixture by identifying the types of chemical bonds or functional groups present in their chemical structures. Figure 7 represents the FTIR spectra of the produced biosurfactant. A strong, broad band was observed at 3417. 6 1 , which was probably due to the sugar C-O stretch.
Based on the FTIR results of the crude biosurfactant produced by the newly isolated strain P. alcalifaciens SM03, it can be predicted that the produced biosurfactant belongs to the glycolipid type. Since this new strain has not been reported earlier as a biosurfactant producer, further research to optimize the parameters for maximum production is in progress. Although all the methods used in this study can facilitate analysis of the chemical structures of the biosurfactant identified in this study, they do not provide a reliable quantification analysis and are time-consuming techniques 35 .
Therefore, future investigations by using other techniques such as liquid chromatography-MS and nuclear magnetic resonance are required to confirm the chemical structure of glycolipids.
CONCLUSIONS
In summary, sampling of degraded PKC collected from contaminated sites, followed by isolation and screening using enrichment culture is an approved strategy for discovering new biosurfactant-producing bacteria. PKC is a potential substrate for the production of biosurfactants and P. alcalifaciens SM03 is a novel biosurfactant-producing strain. Since so far no recorded data were available to prove otherwise, this is the first study to suggest this strain for effective biosurfactant production. In future studies, P. alcalifaciens SM03 will be tested for its ability to produce biosurfactants using substrates other than PKC. Furthermore, studies on the utilization of PKC for large-scale production of biosurfactants using other strains are recommended. 
